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HARP  5-INCH  AND  16-IHCH  GUNS  AT  YUMA  PROVING  GROUND,  ARIZONA 


ABSTRACT 

The  5-  and  1 6-inch  guns  at  Yuma  Proving  Ground  and  their  associated 
instrumentation  and  flight  results  for  1966  are  described  in  detail. 

The  introduction  of  multi-point  ignition  for  the  16-inch  gun  produced 
a  record  altitude  of  111  miles  using  special  propellants  and  the 
moderate  altitude  of  77  miles  with  surplus  Naval  propellant.  Twenty- 
four  ionospheric  wind  profiles  have  been  obtained  from  l6-inch  gun  firings 
and  15  stratospheric  profiles  from  the  5-inch  firings.  Telemetry 
performance  and  ground  recovery  capability  have  been  demonstrated. 
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1.  INTRODUCTION 

Project  HARP  is  devoted  toward  the  development  of  high  altitude 
gun-launched  rockets  and  projectiles  and  the  acquisition  of  engineering 
and  scientific  data  on  the  upper  atmosphere  and  the  vehicle-environment 
interactions.  As  part  of  this  effort,  5-inch  guns  have  placed  2S-pound 
projectiles  at  250,000  feet,  7-inch  guns  have  placed  60-pound  projectiles 
at  330,000  feet  and  l6-inch  guns  have  reached  590,000  feet  with  185- 
pound  projectiles.  Chaff,  aluminized  parachutes  and  chemicals  to  produce 
luminous  trails  have  been  released  to  measure  winds  from  100,000  feet 
to  590,000  feet,  and  on-board  telemetry  units  with  temperature  and 
electron  density  sensors  are  in  an  advanced  state  of  development  (A-20). 
Gun-bcosted  rockets  are  under  development  for  the  7-  and  l6-inch  guns 
(B-ll)  and  an  attitude  control  system  is  under  development  for  the  16- 
inch  gun  boosted  rocket  (B-3). 

Until  late  1966,  the  primary  development  firings  of  xhe  5-  and  7- 
inch  systems  were  made  at  Wallops  Island,  Virginia,  and  the  only  vertical 
fire  l6-inch  gun  was  located  on  the  West  Indian  island  of  Barbados. 

Since  these  ranges  involved  water  impacts,  recovery  of  developmental 
payloads  was  very  difficult  if  at  all  possible.  This  was  a  severe 
limitation  on  development  of  telemetry,  antennas ,  various  sensors,  and 
the  attitude  control  unit.  Early  in  1965,  it  was  decided  that  a  second 
l6-inch  gun  vertical  fire  installation  should  be  established  at  a  land  impact 
range.  In  viev  of  the  presence  of  a  standard  Mark  7  sixteen-inch  Naval 
rifle  and  mount  at  Yuma  Proving  Ground  (YPG),  Arizona,  a  request  for 
authorization  for  gun  modification  and  horizontal  firing  capability  was 
made  to  the  U.S.  Army  Test  and  Evaluation  Command  (TEC).  Approval  was 
received  on  11  March  1965  with  an  assigned  project  mznber ,  9-5-0035-01. 

On  2k  November  1965,  approval  for  vertical  firings  under  project  number 
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An  extensive  bibliography  of  HARP  publications  is  provided  at  the 
end  of  this  report .  A  letter  and  nmber  in  parentheses  identify  a 
particular  item  in  this  bibliography. 
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5-5-9915-OU  was  received  and  in  August  19 66  the  placement  of  a  vertical 
fire  5-inch  gun  next  to  the  1 6-inch  gun  van  authorized.  The  excellent 
visibility  at  YFG  which  is  quite  valuable  for  optical  measurements  of 
the  upper  atmosphere  became  a  side  benefit  and  a  scientific  sounding 
program  was  also  planned. 

The  l6-inch  gun  of  the  HARP  program  has  been  a  joint  technical 
endeavor  of  McGill  University's  Space  Research  Institute  (SRI)  and  the 
U.S.  Army's  Ballistic  Research  Laboratories  (BRL)  with  the  primary 
engineering  and  operational  responsibility  resting  with  the  SRI.  This 
efx'ort  was  initiated  with  funding  from  the  Army  Research  Office  in 
1962  and  was  an  Army  funded  program  until  June  196U.  At  that  time,  a 
three  year  Joint  funding  was  set  up  between  the  U.S.  Army  and  the 
Canadian  Department  of  Defence  Production.  The  establishment  of  a  second 
l6-inch  gun  at  an  Army  Proving  Ground  was  not  of  interest  to  the  Canadian 
government,  although  specific  tests  at  this  Army  installation  were  felt 
to  be  appropriate  to  the  Jointly  funded  program.  At  the  third  meeting 
of  the  Joint  U.S. -Canada  Steering  Committee  for  Project  HARP-McGill 
held  on  8  July  1965,  the  Space  Research  Institute  was  authorized  to  carry 
out  the  necessary  modifications  to  the  Yuma  gun  with  +he  restriction 
that  all  additional  funds  would  be  supplied  by  the  U.S.  Army. 

In  September  1965,  work  on  the  Yuma  gun  commenced  with  the  arrival 
of  an  SRI  resident  engineer,  Mr.  Roy  Kelly.  The  rifled  barrel  was 
pulled  and  the  mount  modified  for  vertical  fire.  A  second*  Mark  ^  barrel 
was  obtained  from  the  Navy  at  Pocatello,  Idaho,  and  smoothbored  there. 

A  51-foot  barrel  piece  was  obtained  and  smoothbored  for  a  muzzle 
extension.  The  lUO-ton  barrel  and  30-ton  extension  were  then  moved  by 
rail  to  Yuma  and  overland  to  the  YPG  gun  site  where  they  were  assembled 
in  the  gun  mount  and  welded  together.  An  additional  15  tons  of  stiffening 


Since  movement  of  the  Jimta  rifled  barrel  to  Pocatell-o  would  cost  over 
$ 10,000 j  this  barrel  was  laid  beside  its  mount . 
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members  and  tie  rods  were  welded  to  the  extended  tube.  Finally,  a 
specially  built  11-inch  diameter,  20-foot  long  elevation  cylinder  was 
emplaced  and  the  installation  was  ready  for  vertical  fire  on  7  June  1966. 

In  this  report,  the  two  HARP  guns  at  Yuma  and  their  associated 
radar,  ionosonde  and  K-46  camera  sites  will  be  described  and  a  complete 
resume  given  of  the  1966  firing  results  for  these  guns. 

It  shoitld  be  noted  that  the  l6-inch  guns  at  Barbados  and  Yuma  are 
in  no  way  competitive.  Scientific  soundings  which  can  be  made  at  both, 
facilities  provide  data  for  two  different  latitudes  (13.1°N  for  Barbados 
and  32.9°N  for  Yuma).  The  Yuma  range  area,  1*0  x  10  miles,  limits  firings 
to  unpowered  flights  of  completely  developed  projectiles  but  provides  \  ] 

the  essential  capability  of  ground  recovery.  The  ability  of  the  Barbados  ^ 

gun  to  fire  over  water  far  into  the  South  Atlantic  allows  for  long  range  j 

gun-boosted  rocket  flights  as  well  as  developmental  flights  of  rockets  j 

and  projectiles. 


2.  HARP  FACILITIES  AT  YUMA  PROVING  GROUND 

Yuma  Proving  Ground  is  located  in  the  Sonoran  desert  in  the  south¬ 
west  corner  of  Arizona  and  is  bounded  on  the  west  by  the  Colorado  River. 

It  is  1*0  miles  from  the  Mexican  border,  about  105  miles  inland  from 
San  Diego,  California,  and  about  the  same  distance  westward  from  Phoenix, 
Arizona.  The  HARP  guns  are  located  at  Gun  Position  10  on  the  KOFA  Range 
Area  which  extends  eastward  from  Arizona  State  Highway  95  for  about  40 
miles.  The  locations  of  the  l6-inch  gun  and  the  special  HARP  instrumentation 
are  given  in  Table  I.  In  addition  to  these,  both  a  fixed  and  a  mobile 
250  MHz  IM  receiving  station  operated  by  YPG  have  supported  HARP  firings. 

2.1  Guns  and  Projectiles 

The  l6-inch  gun  is  119  feet  4.7  inches  long  and  fires  on  a  nominal 
azimuth  of  78.2°.  Its  loader-rammer  system  was  designed  by  Rock  Island 
Arsenal  (C-l8)  and  consists  of  two  wheeled-vehicles .  The  projectile  is 
first  placed  in  the  loading  tray  on  the  first  vehicle  (Figure  1}  and  the 
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Table  I.  Location  of  HASP  Equipment 


Latitude 

Longitude 

Elevation 

(meters) 

l6-inch  gun 

32°  52'  33.2" 

111*°  19'  31-7" 

141.9 

MPS-19  radar 

32°  52’  26.7" 

lll*°  20*  8.3" 

Xonosonde 

32°  56*  3.8” 

114°  10 »  34.4" 

K-46  Cameras 

AWC,  Yuma 

32°  1»1‘  15.6" 

114°  29'  29.9" 

67.6 

Blythe,  Cal. 

33°  36'  27.1" 

114°  35'  29. T" 

81.7 

Gila  Bend,  Ariz. 

32°  56'  U2.6" 

112°  43'  50.5" 

221.0 
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tray  is  then  inserted  in  the  breech.  After  this  vehicle  is  rolled  aside, 
the  second  vehicle  carrying  a  hydraulic  cylinder  (Figure  2)  is  rolled 
forward,  attached  to  the  breech  and  the  projectile  with  its  sabot  is 
raasned  forward,  with  a  maxlmun  force  of  50  tens,  to  its  seating  position. 

The  gun  tube  was  smoothbored  to  a  diameter  of  16.40  inches  and  the 
18.35  inch  diameter  70.1  inch  long  chamber  and  10.4  inch  long  transition 
section  lengthened  83.8  inches  with  a  16.9  inch  diameter  section 
(Figure  3).  Six  1/4  inch  holes  were  drilled  one,  three  and  five  feet 
frosi  the  muzzle  on  the  south  side  and  two,  four,  and  six  feet  from  the 
muzzle  on  the  north  side.  Electrical  contacts  placed  in  these  holes 
are  used  to  record  time  of  passage  of  the  projectile  and  thereby  form 
a  muzzle  velocity  measurement  system  (A-19).  The  muzzle  is  sealed 
before  firing  by  a  tyylar  sheet  and  the  bore  is  evacuated  to  one-tenth 
atmosphere  to  yield  an  estimated  velocity  increment  of  150  feet  per 
second. 

The  5-inch  extended  smoothbore  gun  is  located  on  a  steel  ramp  20 
feet  south  of  the  l6-inch  gun.  It  is  33  leet  long*  made  from  two  120  mm 
T-123  barrels,  and  placed  in  a  155  mm  mobile  mount.  This  gun  is  loaJ~d 
by  a  small  hydraulic  cylinder  with  a  10-ton  maximum  force. 

The  basic  l6-inch  glide  projectile  is  the  Martlet  2C  which  has  a 
flight  weight  of  185  pounds  and  is  held  in  the  gun  by  a  base  pusher 
sabot  weighing  230  pounds  (Figure  4) .  The  HARP  5-1  five-inch  projectile 
has  a  flight  weight  of  20-23  pounds  and  is  supported  in  its  gun  by  a 
more  sophisticated  center  sabot  weighing  5  pounds  (Figure  5).  Both  sabots 
separate  from  their  projectiles  shortly  after  launch  and  fall  within  a 
1/2  mile  circle  about  their  guns.  The  achieved  performance  of  these 
missiles  is  given  in  Figure  6. 

2.2  Radar  and  Launch  Control 

Three  thousand  two  hundred  feet  behind  the  gun  position  are  located 
vans  of  a  mobile  MPS-19  radar  set  in  a  T  formation  and  connected  by  a 
small  frame  launch  control  office  (Figure  7).  From  this  point,  radio, 
telephone  or  intercom  communication  is  available  to  the  YPG  control 
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Figure  2.  Rammer  with  vehicle 
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Figure  h.  Martlet  2C's  with  and  without  sabot 
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projectile  with  center  sabot 


GLIDE  VEHICLES 


APOGEE 

KILOFEET 


a  5"  GUN 
□  7"  GUN 
o  16"  GUN 


0  4000  8000  I2JOOO 

W/CpA  lb/ft8 


5"GUN 

5400  ft/sec. 

250  kft 

23  lb. 

7"GUN 

5400 ft/sec. 

300  kft 

591b. 

7"GUN 

5900 ft/sec. 

330 kft 

271b. 

I6"GUN 

5600  ft/sec. 

350  kft 

1851b. 

I6"GUN 

6300 ft/sec. 

465 kft 

1851b. 

16"  GUN 

7100  ft/sec. 

590 kft 

185  lb. 

Figure  6.  Apogee  for  HARP  glide  vehicles 
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Figure  7.  MPS-19  radar  and  HARP  launch  control 


tower  and  other  YPG  dovnrange  points,  the  ionosonde,  the  K-l»6  carters 
sites,  TM  receiver  stations,  when  necessary,  and  the  firing  circuit 
located  in  a  trailer  near  by.  This  radar  is  identical  to  that  located 
at  the  HARP  Barbados  range  and  can  skin  track  Martlet  2C  projectiles  up 
to  350,000  feet.  On  six  occasions,  this  radar  was  able  to  reacquire 
Martlet  2C's  on  their  down  legs  and  furnish  impact  locations  and  time. 

The  5-inch  projectiles  can  be  skin-tracked  to  200,000  feet.  Their 
aluminized  parachutes  can  be  acquired  immediately  after  ejection  and 
then  tracked  for  wind  profiles  or  ground  recovery. 

2.3  K-U6  CgjLgra  Stations 

The  primary  scientific  experiment  performed  at  YPG  during  19 66 
involved  the  creation  of  luminous  trails  by  ejection  of  tri-methyl- 
aluminum  (TMA)  and  the  measurement  of  photographic  records  of  these 
trails  to  obtain  wind  profiles  in  the  altitude  range  of  90-180  km.  The 
basic  ground  instrumentation  of  the  three  K-2U  camera  sites  at  Yuma, 

Gila  Bend  and  Blythe  were  designed,  built  and  operated  under  BRL  contract 
by  Space  Instruments  Research,  Inc.  of  Atlanta,  Georgia.  Each  station 
consists  of  two  K-U6  cameras  mounted  on  a  pedestal  and  an  associated 
battery-operated  control  unit  (Figure  8).  During  each  30  second  cycle 
of  operation,  the  cameras  take  pictures  with  3,  6,  and  9  second  exposures 
and  each  frame  of  film  is  marked  with  time  of  exposure,  number  of  shot 
and  site  location  in  binary  code.  All  sites  are  in  constant  telephone 
communication  with  Launch  Control  through  a  conference  call  hookup. 


Ionosonde  and  Spaced  Receivers 


On  the  north  side  of  25th  Street  near  tower  18.1  about  8.7  miles 
east  and  k.2  miles  north  of  the  l6-inch  gun  is  located  a  trailer-mounted 
C-l*  ionosonde  and  a  60-foot  antenna  tower  (Figure  9).  This  instrument 
is  operated  by  personnel  from  ESSA's  Institute  for  Telecommunication 
Sciences  and  Aeronomy  at  Boulder,  Colorado  during  firing  series  and  provides 
measurements  of  the  Sporadic  E  layer  for  theoretical  correlation  vith 
the  measured  ionospheric  winds  (D-6).  On  the  south  side  of  the  road. 
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Figure  9.  ESSA  ionosonde  and  antenna  tower 


four  antennas  are  located  for  spaced  receiver  measurements  of  drift 
of  particular  groups  of  electrons.  These  measurements  were  first  taken 
in  November  19 66,  and  an  analysis  of  the  electron  cloud  velocity  and 
a  comparison  with  the  neutral  vind  is  nov  in  progress. 

3.  SIXTEEN-INCH  GUN  FIRINGS-JUNE  TO  NOVEMBER  1966 

During  1966,  three  firing  series  of  the  l6-incb  gun  were  conducted. 
In  June,  an  i.iitial  series  of  three  wooden  slugs  and  six  TMA-carrying 
Martlet  20*8  was  fired  to  verify  the  gun  condition  and  the  operational 
capability  of  the  supporting  instrumentation.  The  October  series  of  six 
TMA-Martlet  2C's  and  one  Lahive  (Low  Altitude  High  Velocity)  15°  cone 
with  TM  was  primarily  devoted  to  engineering  tests  of  the  new  multiple- 
point  ignition  system  of  the  powder  charges  and  the  performance  of  the 
Lahive  cone's  telemetry  unit,  while  the  November  series  of  IT  TMA- 
Martlet  2C's  was  an  intensive  scientific  probing  of  the  lower  ionosphere 
during  the  spectacular  Leonide  meteorite  shower  of  1966.  Gun  performance 
and  dispersion  data  are  summarized  in  Table  II. 

3.1  Interior  Ballistics 

Before  the  Yuma  firings,  the  major  improvement  in  gun  performance 
occurred  when  the  91-foot  muzzle  extension  was  added  to  the  Barbados 
gun,  thereby  increasing  the  muzzle  velocity  for  Martlet  2C's  from  56OO 
feet  per  second  to  6300  feet  per  second  and  the  peak  apogee  from  390,000 
feet  to  U69,000  feet.  The  Barbados  performance  for  WM/M  .229  web  and 
M8M  .220  web  is  summarized  in  Table  III.  Ignition  was  by  a  single  primer 
in  the  breech  block. 

During  1969,  a  step  in  the  pressure  rise  for  the  breech  pressure¬ 
time  records  was  regularly  observed.  Since  charge  lengths  as  short  as 
130  inches  in  the  190  inch  long  chamber  were  used,  it  was  believed  that 


WM/M  is  a  multi -perforated  British  propellant  (WM)  and  M8M  is  a  modified 
M8  propellant  which  was  pressed  dry  rather  than  formed  through  the  use 
of  a  solvent. 
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Table  II.  Sixteen-Inch  Firings  at  YPG-1966  (Continued) 
a)  Gun  Performance 


+> 

« 

v  « 

«»  Vj  ia  in 

SP  o  t-  H 


0 

0 

0 

0 

0 

0 

0 

t3 

V 

ttf 

0 

VO 

t- 

0 

0 

0 

1— 1 

rH 

0\ 

(VI 

0 

Os 

CO 

vo 

ifx 

-3 

-3 

IA 

~ t 

IA 

.3 

IA 

n 

-3 

cn 

oo 

1 A 

N  t  \ 

^>2l 


0 

0 

1 

0 

O 

O 

* 

d> 

0 

6 

; 

~d> 

0 

0 

“6 

IA 

IA 

1 

O 

IA 

IA 

0 

IA 

IA 

0 

l 

IA 

IA 

IA 

IA 

00 

ov 

1 

Ov 

CO 

VO 

~3 

VD 

00 

0 

cn 

vo 

VO 

t- 

IA 

IA 

IA 

IA 

VO 

VO 

'O 

IA 

c— 

VO 

IA 

IA 

vo 

cvi  cn 
a  v 

bd 

IA 

0 

! 

l 

y: 

CO 

bd 

CO 

* 

t— 

* 

VO 

bd 

IA 

bd 

CO 

bd 

O 

co 

bd 

CO 

X 

rH 

1 

*>  *h  & 

• 

• 

1 

1 

m 

• 

• 

• 

• 

• 

• 

1 

1 

J.  \  CD 

O 

IA 

1 

1 

00 

vo 

ao 

O 

cvi 

i-l 

IA 

CO 

H 

CO 

3  J>  O 

a  r-t 

a  1 

-3 

3r 

- t 

cn 

IA 

-3 

cn 

-3 

-3 

«  0 

S(  rl  H 

IA 

• 

IA 

« 

00 

■ 

cn 

• 

Ov 

• 

0 

0 

t— 

• 

Os 

• 

IA 

fO 

• 

t- 

00 

CO 

OJ 

vj  jH 

CO 

t- 

O 

Ov 

CO 

H 

-3- 

VO 

IA 

O 

cO 

0\ 

CO 

d 

♦id  •*% 

-3 

-3 

vc 

-3 

IA 

IA 

-3 

-3- 

-3 

IA 

IA 

-3 

CO 

-3 

IA 

vo 

VO 

O 

cn 

00 

01 

O 

O 

O 

0 

O 

O 

O 

O 

O 

•H  I 

r*  C 

*r» 

•  *» 

Ov 

ov 

Os 

so 

vo 

01 

00 

rH 

VO 

t- 

VO 

t- 

CO 

#Q  4> 

CXI 

01 

CVI 

OJ 

01 

Os 

CO 

OS 

CM 

Os 

CSJ 

Os 

CVI 

CM 

co 

H  £ 

rH 

rH 

rH 

rH 

H 

fH 

rH 

H 

H 

O 

IA  O 

t  i  i  t  i  t  t  g  •  ,rx 

aiiliiiiiifiill! 


rH  • 

•O  O 

K  SB 


OsOrHC\lcn.3WVOt—  C00\0  rsi 

w  w  O  Q  Q  Q  q 


IA 

vo 

O 

CM 

Ov 

CM 

0 

-3 

rH 

co 

-3 

O 

t*- 

GQ 

rH 

rH 

CM 

rH 

-3 

3 

0 

lO 

IA 

O 

-3 

CM 

co 

IA 

O 

CO 

GO 

O 

•H 

CO 

rH 

CM 

3 

VO 

Ov 

rH 

CM 

CO 

O 

O 

rH 

CM 

CM 

CM 

O 

O 

O 

O 

H 

CM 

CM 

CM 

rHrHrHrHiHrHrHHrHr-H.-(.-l 


O  OJ 

U  U 
H  O 

3  >5 

H  < 


“M-multi-point  ignition;  M*-multi-point  ignition  with  shear  lip  on  base  plate. 
^S-strain  gage  (HAT);  T-Tourmaline  gage;  K-Kistler  gage. 

**No  vacuum.  All  other  shots  had  gun  barrel  evacuated  to  0.1  atm. 

^Velocity  estimated  from  apogee. 

.  Apogee  estimated  from  top  of  IMA  trail. 


Table  II.  Sixteen-Inch  Firings  at  YPG-I966  (Continued) 
b)  Martlet  2C  Dispersion 


Rd  No. 

Apgoee 

Kilofeet 

Elevation 

Degrees 

Azimuth 

Degrees 

Impact  Range 
Kilofeet 

00U 

Ul5 

83.9 

77(79.6) 

161E(158) 

005 

398 

— 

— 

— 

006 

1}00 

83.6 

83(8U.2) 

l6UE(159) 

007 

Damaged 

— 

— 

— 

008 

375 

8U.0 

72 

lUUE 

009 

UlO 

8U.2 

72(75.0) 

1U9E(1U6) 

010 

310 

85.0 

7U 

100E 

Oil 

UlO 

85.0 

78 

129 

012 

5U0 

85.0 

72 

i6te 

01U 

Ul5 

8U.2 

80 

153 

015 

535 

8U.5 

76 

167 

016 

Damaged 

— 

— 

— 

017 

369 

— 

— 

— 

018 

395 

8U.5 

78 

137E 

C19 

375 

83.5 

79 

153E 

020 

Ul5 

83.9 

76 

161E 

021 

Damaged 

— 

— 

— 

022 

U0C 

83.9 

7U 

156E 

023 

UlO 

83.6 

76 

167E 

02U 

510 

8U.3 

70 

182E 

025 

U90 

83.6 

81 

196E 

026 

530 

83.8 

77 

207E 

027 

UOO 

83.7 

76 

162E 

028 

590 

8U.8 

75 

188e 

029 

Damaged 

— 

— 

— 

030 

U80 

83.5 

78 

198E 

031 

367 

— 

78 

1U9 

032 

370 

83.U 

79 

155 

033 

550 

8U.2 

7U 

201E 

E  -  Estimated  from  first  thirty  seconds  of  trajectory. 

•Quantities  in  parentheses  were  obtained  by  survey  of  actual  impact 
points  (Figure  10). 
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Table  III.  Barbados  Gun  Performance 


Date 

Rd3 

No. 

a)  Single  point  ignition,  220  M&4 
p  >  38,000  psi 

Charge  Pressure  p 

Wt.  kilo  lb/in.  MV 

Strain 

Mil  Gage 

Apogee 

kilofeet 

2h  Mar  65 

098 

750 

1*5. 81 

1*5.3 

6100R 

1*27 

28  Mar  65 

10U 

725 

38. 81 

38.9 

5820 

389 

28  Mar  65 

105 

730 

38.61 

37.8 

5750 

381* 

11.  July  65 

125 

780 

1*1*. 8 

1*1.8 

616OR 

1*362 

12  July  65 

126 

790 

1*9.3 

1*5.2 

616OR 

1*1*1* 

12  July  65 

127 

780 

U. 1 

1*0.8 

6ll*0R 

1*38 

17  Nov  65 

7 

750 

1*0.8 

1*1.0 

60001* 

390 

17  Nov  65 

8 

750 

37-9 

37.5 

59l*OR 

1*01* 

17  Nov  65 

10 

770 

1*1.1 

1*1.1* 

61201* 

1*00 

18  Nov  65 

11 

770 

35.0 

1*0.2 

59704 

1*08 

18  Nov  65 

13 

750 

1*2.2 

1*2.1* 

6050Ri‘ 

1*21 

18  Nov  65 

1U 

750 

38.0 

1*0.7 

5800R 

380 

21  Nov  65 

19 

780 

39-8 

39.0 

61301* 

1*11* 

"Sk  6  gages. 

^Gun  elevation  was  82. 5° •  For  all  other  shots,  it  was  85°. 

3 

If  round  number  has  not  been  assigned,  number  in  series  is  given. 
U 

Bore  was  evacuated  to  (11  atm. 

R-Velocity  estimated  from  radar. 
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Table  III.  Barbados  Gun  Performance  (Continued) 
b)  Single  point,  spaced  charge,  225  WM/M 


* 


Date 

Rd 

Ho. 

Charge 

Wt. 

Pressure 
kilo  lb/in2 
Strain 

Mil  Gage 

MV 

Apogee 

kilofeet 

2k  Feb  66 

15 

850 

5^.0 

1*6.0 

5900R+ 

395 

2k  Feb  66 

l6 

850 

51.0 

— 

6080R+ 

1*26 

2k  Feb  66 

17 

850 

1*8.6 

— 

5760R 

377 

28  Sept  66 

1 

825 

53.5 

52.3 

t 

300 

28  Sept  66 

2 

825 

53.6 

52.1* 

+ 

1*11* 

28  Sept  66 

3 

825 

U9.8 

1*9.1* 

6200R+ 

1*1*2 

29  Sept  66 

k 

780' 

1*5.2 

— 

+ 

386 

29  Sept  66 

5 

825 

1*7.6 

1*7.0 

t 

356 

29  Sept  66 

6 

825 

1*8.1 

1*8.5 

— 

373 

29  Sept  66 

7 

825 

55.1 

51*. 3 

t 

392 

29  Sept  66 

8 

825 

55.7 

53.1* 

t 

U15 

29  Sept  66 

9 

825 

1*6.3 

1*1*. 6 

+ 

1*02 

Round  number  is  number  in  given  series. 

•f 

Bore  was  evacuated  to  u.l  atm. 

R-Velocity  was  estimated  from  radar. 

'This  round  struck  U  inches  short  of  seating  position  with  100  tons  of  ram 
force  applied.  Charge  was,  therefore,  reduced  1*5  pounds. 
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this  step  was  caused  by  shock  waves  formed  between  the  end  of  the  powder 
bags  and  the  pusher  plate.  Three  light  wood  spacers  were  inserted  to 
insure  that  the  end  powder  bag  was  in  contact  with  the  pusher  plate  and 
that  the  free  volume  was  divided  into  three  uniformly  spaced  thirds. 

This  modification  eliminated  the  step  in  the  pressure  curve,  but  reduced 
the  peak  pressure  for  fixed  charge  weight  by  6-8000  psi.  Thus,  with  a 
spaced  charge  an  increase  in  charge  weight  is  required.  Since  November 
1965,  all  HARP  l6-inch  guns  have  used  spaced  charges. 

Table  Ilia  and  particularly  Table  Illb  show  considerable  scatter  in 
breech  pressures  and  apogees  for  the  same  charge.  Part  of  this  is  due 
to  variations  in  required  ram  pressures,  but  most  of  it  was  believed  to 
be  caused  by  small  sabot  or  projectile  damage  induced  by  the  single  point 
ignition  which  can  project  the  end  unburnt  powder  bags  at  the  pusher 
plate.  In  August  1966*  it  was  decided  to  develop  a  multi-point  ignition 
system  to  ignite  the  powder  bags  simultaneously. 

The  usual  powder  charge  consists  of  100  pound  bags  with  igniter 
patches  filled  with  black  powder  sewed  to  the  bottom.  Pairs  of  squibs 
were  sewed  to  the  black  powder  patches  of  every  other  powder  bag  and 
wired  in  parallel  to  the  firing  circuit.  The  bags  were  then  loaded  so 
that  each  bag  without  squib  had  its  black  powder  patch  in  contact  with  a 
patch  of  a  bag  with  squib.  Thus,  each  bag  was  in  direct  contact  with 
two  squibs. 

This  ignition  system  was  first  tested  at  SRI's  Highwater  Laboratory 
in  the  expendable  "stub  gun"  formed  from  a  20-foot  section  of  l6-inch 
tube,  and  then  in  the  109-foot  horizontal  fire  l6-inch  gun.  This 
modification  also  had  the  effect  of  reducing  pressure  for  a  fixed  charge 
but  more  importantly  a  significant  improvement  in  muzzle  velocity  seemed 
to  be  present.  The  October  Yuma  series  verified  this  improvement  with 
a  new  record  apogee  of  5^0,000  feet  and  a  record  muzzle  velocity  of 
7100  feet  per  second.  In  November,  the  present  record  apogee  of  590,000 
feet  (ill  miles;  180  km)  was  established. 
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Despite  the  data  scatter,  the  performance  improvement  of  multi¬ 
point  ignition  can  be  simply  summarized.  For  a  breech  pressure  of 
000  psi,  M8M  with  single  point  ignition  and  evacuated  barrel  will 
yield  6250  feet  per  second  and  an  apogee  of  U60,000  feet  while  the  addition 
of  multi-point  ignition  raises  these  values  to  6?20  feet  per  second  and 
530,000  feet.  Similarly,  WM/M  at  a  breech  pressure  of  50,000  psi  yields 
6200  feet  per  second  and  MO.OOO  feet  for  single  point  ignition;  and  the 
improved  values  of  6800  feet  per  second  and  5^0,000  feet  for  multi-point 
ignition. 

Early  in  the  HARP  program,  it.  was  hoped  that  the  large  stocks  of 
surplus  Navy  l6-inch  propellant  could  be  used  but  this  powder,  designed 
to  launch  2700  pound  shells  at  2500  feet  per  second,  seemed  to  be  too 
.low  burning  for  the  high  performance  HARP  projectiles.  The  first  wooden 
r.  ’.g  firings  of  June  used  the  Navy  propellant  and  breech  pressures  in 
-Xcess  of  lU.OOO  psi  could  not  be  produced.  As  a  final  effort  to  employ 
this  cheap  available  propellant,  it  was  decided  to  try  multi-point 
ignition  on  large  charges  of  the  Navy  propellant.  To  speed  up  it3  burning 
characteristics,  shear  lips  were  placed  on  the  pusher  plates  to  hold  them 
in  place  until  approximately  3,000  psi  was  reached.  Highwater  tests  of 
this  were  promising  and  the  Yuma  firing  showed  that  this  could  be  success¬ 
fully  used  to  reach  400,000  feet.  Since  powder  costs  equal  vehicle  metal 
parts  costs,  for  missions  requiring  moderate  altitudes,  the  use  of  the 
Navy  propellant  halves  the  shot  costs.  It  is  interesting  to  note  that 
the  peak  charge  weight  of  1296  pounds  is  almost  double  the  service  charge 
weight  of  66 0  pounds  and  is  the  largest  charge  ever  used  in  a  l6-inch  gun. 

3.2  Dispersion 

Based  on  the  experience  of  the  Barbados  gun,  the  dispersion  of  the 
Yuma  gun  was  estimated  to  be  +3  miles.  On  seven  occasions,  the  MPS  radar 
acquired  impact  data  including  impact  velocities  between  3000  and  kOOO 
feet  per  second.  The  upleg  data  of  the  other  shots  were  used  to  estimate 
impact  parameters,  and  the  results  for  all  rounds  are  given  in  Table  lib. 

In  all  cases,  the  lateral  dispersion  was  less  than  3  miles. 
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Although  the  nominal  elevation  for  all  shots  vas  85°,  the  radar 
trajectories  gave  an  elevation  range  of  83.6  8U.8  or  an  effective 

elevation  of  84.2°  ±  0.6°.  Similarly,  an  azimuth  variation  of  72°  -*■  83° 
vas  observed  for  a  nominal  azimuth  78.2°.  This  large  variation  in  azimuth 
is  misleading  since  the  horizontal  component  of  the  angle  between  the 
initial  tangent  to  the  trajectory  and  the  bore  line  is  more  appropriate 
than  the  angle  between  the  vertical  planes  containing  the  initial  tangent 

and  the  bore  line,  i.e.,  the  azimuth  change.  If  this  component  is 

« 

denoted  by  JH,  it  is  approximately  given  by  the  relation 

JH  *  ^At  "  Ag^  008  E  (1) 

where  E  =  the  gun  elevation 

=  the  azimuth  of  the  trajectory 

A  =  the  azimuth  of  the  gun. 

& 

For  the  near  vertical  gun,  the  best  es  .junate  for  A  is  the  average  of  the 

o  ^ 

observed  A^'s;  i.e.,  77.5  .  According  to  Equation  (l),  the  maximum  value 
of  J„  is  ,UU°,  Thus,  both  the  vertical  and  horizontal  components  of  the 
angular  dispersion  are  about  .5°  or  9  mils. 

In  June,  the  radar  impact  data  was  used  to  actually  locate  three  of 
the  impact  points  (Figure  10).  The  high  impact  velocity  shattered  the 
projectiles  into  small  pieces  and  indicated  the  need  for  some  type  of 
aerodynamic  deceleration  device  for  ground  recovery. 

An  interesting  fact  came  to  light  during  the  estimation  of  impact 
ranges.  For  the  apogees  achieved,  the  Coriolis  acceleration  due  to  the 
rotation  of  the  earth  caused  a  movement  of  the  impact  point  of  between 
11,000  feet  and  19,000  feet  west  of  the  point  computed  for  a  nonrotating 
coordinate  system.  This  can  be  seen  from  the  simple  formula  for  Coriolis 
deflection,  X  . 

Xc  =  3  “  (cOB  ®)Za3/2  (2) 

*Thi8  relation  is  derived  in  the  Appendix, 
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where  u>  *  .000073  rad/sec  (earth's  angular  velocity) 

6  -  33°  (latitude) 

Z  *  apogee. 

& 

3.3  Payload  Performance 

Of  the  29  Martlet  2C's  fired,  four  were  damaged,  one  Just  reached 
glow  altitude  for  the  TMA  (Rd.  No.  010)  and  twenty-four  produced  excellent 
trails.  The  June  data  have  been  completely  reduced  (C-21)  and  the  data 
from  the  other  two  series  are  under  reduction.  Samples  of  the  June  data 
are  shown  in  Figures  11  and  12.  Since  a  wind  of  100  meters  per  second  is 
2^0  miles  per  hour  in  English  units,  the  peak  wind  speed  shown  is  about 
220  miles  per  hour.  The  rotating  wind  vector  shown  in  Figure  12  vas 
observed  in  over  half  of  the  Yuma  trails  and  has  been  frequently  observed 
from  rocket  flights  at  Eglin  Air  Force  Base,  Florida  and  only  once  in 
Barbados.  The  seven  trails  of  the  night  of  18-19  November  are  particularly 
valuable  since  the  ionosonde  and  spaced  receivers  had  excellent  records 
and  significant  correlations  are  believed  to  be  present. 

The  Lahive  15°  cone  had  a  250  MHz  transmitter  with  two  antennas  and 
several  calorimeter  sensors.  This  cone  was  successfully  launched  at  7100 
feet  per  second,  and  TM  transmission  was  received  for  the  entire  flight 
time.  Although  apparently  the  leads  to  the  calorimeter  sensors  were 
broken,  all  other  components  functioned  perfectly  and  this  first  flight 
test  was  considered  an  engineering  success. 

4.  FIVE-INCH  FIRINGS  -  OCTOBER  TO  NOVEMBER  1966 

The  5-inch  gun  was  installed  in  October  19 66  and  participated  in  the 
October  and  November  series.  Three  aluminized  parachute  ejection  flights 
for  winds  and  two  fiberglass  nose  recovery  attempts  were  made  in  October, 
and  sixteen  aluminized  parachute  ejection  flights  were  made  in  November. 

The  results  are  summarized  in  Table  IV. 

*The  Naval  Electronics  Laboratory  (D-S)  has  measured  for  sane  time  drift 
of  Delayer  irregularities  over  Yuma  with  a  VLF  sounder  and  also  has 
correlated  those  measurements  for  this  night  with  the  neutral  winds . 
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Table  IV.  Five-Inch  Firings  at  YPG-1966 


Parachute 
Rd  Max.  Alt. 


Date 

Time 

No. 

Elev 

Kilofeet 

Remarks 

Oct  l4 

1603 

5001 

85 

203 

25 

1412 

5002 

85 

215 

25 

1532 

5003 

85 

157 

Early  ejection-fiberglass  nose 

25 

2201 

5004 

85 

218 

(not  recovered) 

27 

1015 

5005 

85 

155  ' 

Early  ejection-fiberglass  nose 

Nov  l6 

1510 

5006 

37 

"  225 

(recovered) 

16 

1844 

5007 

87 

210 

16 

2044 

5008 

87 

233 

16 

2234 

5009 

87 

— 

Good  flight-no  ejection 

17 

0319 

5010 

87 

220 

17 

0410 

5011 

87 

218 

18 

1306 

5012 

87 

223 

18 

1823 

5013 

80 

172 

Low  elevation  launch 

18 

2015 

5014 

88 

220 

18 

2152 

5015 

88 

224 

18 

2345 

5016 

38 

207 

19 

0103 

5017 

88 

234 

19 

0237 

5018 

88 

— 

No  track 

19 

0454 

5019 

88 

— 

Good  flight-no  ejection 

19 

06ll 

5020 

88 

— 

Poor  flight 

19 

1947 

5021 

88 

228 
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It.l  Wind  Measurements 


Of  the  19  wind  measuring  flights,  possibly  two  were  damaged,  two 
had  ejection  failures,  and  fifteen  were  tracked  to  yield  good  wind  data 
between  80,000  and  200,000  feet.  The  data  are  being  reduced  by  Texas 
Western  College  and  will  appear  in  the  appropriate  Meteorological  Rocket 
Network  Data  Report. 

U.2  Fiberglass  Nose  Recovery 

The  primary  objective  of  the  5-inch  firings  was  ground  recovery  of 
flight  components.  An  important  factor  for  TM  design  is  an  insulator  for 
the  antenna,  riberglass  noses  have  been  flown  but  there  was  a  possibility 
that  they  could  be  damaged  by  aerodynamic  heating.  In  October,  two 
attempts  to  recover  the  fiberglass  nose  were  made  by  attaching  them  to 
the  standard  2  meter  aluminized  parachute  and  ejecting  early  at  an  altitude 
of  160,000  feet.  In  both  cases,  the  parachutes  were  acquired  and  tracked 
by  the  radar.  In  the  first  case,  the  radar  discontinued  tracking  the 
parachute  at  10,000  feet  and  attempted  to  track  one  of  the  recovery  heli¬ 
copters.  The  helicopter  searched  in  the  area  of  the  last  radar  observation 
of  the  parachute,  but  did  not  find  it.  Apparently,  unexpected  low  altitude 
winds  moved  it  out  of  the  area  of  search.  In  the  second  case,  the 
parachute  was  tracked  to  the  ground  and  was  picked  up  by  a  helicopter 
within  10  minutes  of  the  nose  cone's  landing.  An  examination  of  the  nose 
showed  some  burnt  and  exposed  fibers  (Figures  13-lM . 

5.  SUMMARY 

The  major  accomplishments  of  the  YPG  HARP  guns  for  1966  are: 

a.  Demonstrated  operational  status  for  both  guns  and  their 
supporting  instrumentation. 

b.  The  use  of  multi-point  ignition  for  achieving  a  record 
altitude  of  111  miles. 

c.  Twenty- four  measurements  of  ionospheric  winds  with  associated 
ionosonde  records  which  should  increase  scientific  under¬ 
standing  of  Sporadic  E  phenomena. 
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Figure  13.  Recovered  parachute  and  nose  cone 
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d.  Operational  status  for  Lahive  telemetry  which  allows  that 
program  to  move  into  its  aerodynamic  measurements  phase. 

e.  Fifteen  measurements  of  stratospheric  winds. 

f.  Demonstrated  recovery  capabilities  for  flight  components. 
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ANGULAR  DISPERSION  OF  GUN  -LAUNCHED  PROJECTILES 

Although  the  simple  model  of  missile  motion  assumes  that  the  initial 
direction  of  the  trajectory  is  that  of  the  gun  barrel,  and  that  dispersion 
is  due  to  variations  in  muzzle  velocity  and  various  aerodynamic  effects, 
this  is  not  the  case.  Various  disturbances  at  the  gun  (blast,  muzzle 
whip,  sabot  separation)  can  impart  linear  and  angular  momentum  to  the 
missile.  The  linear  momentum  causes  the  projectile  to  leave  the  gun 
muzzle  region  in  a  direction  which  differs  from  that  of  the  gun  barrel 
while  the  angular  momentum  induces'  an  angular  motion  which  damps  out  for 
a  stable  missile.  This  angular  motion  in  conjunction  with  the  lift  force 
causes  an  oscillatory  motion  in  the  trajectory  so  that  the  direction  of 
the  initial  tangent  and  average  trajectory  direction  can  also  differ 
(aerodynamic  Jump).  The  total  angle  between  the  gun  barrel  and  the 
average  trajectory  is  called  the  jump  angle.  This  angle  is  usually  less 
than  5°  and  can,  therefore,  be  described  by  two  rotations. 

If  we  select  Cartesian  coordinates  so  that  the  Z-axis  is  vertical, 
and  the  X-axis  points  north  in  the  horizontal  plane,  the  gun  barrel 
direction  can  be  specified  by  the  unit  vector. 


u  =  (cos  A  cos  E  ,  -  sin  A  cos  E  ,  sin  E  )  (Al) 

g  g  g  g  g  g 


where 


E 

g 


is  gun  asimuth 
is  gun  elevation. 


Similarly,  the  initial  direction  of  the  effective  trajectory  has  the 
direction  specified  by  the  unit  vector 

u  =  (cos  A.  cos  E  ,  -  sin  A  cos  E. ,  sin  E  )  (A2) 

L  L  L  X  w  U 


These  vectors  can  be  represented  as  points  on  a  unit 

latitudes  are  E  or  E,  and  whose  longitudes  sure  A  or  A. . 

g  t  6  g  t 

is  the  angle  between  these  vectors.  For  small  changes  in 


sphere  whose 
The  jump  angle 
elevation  angle. 
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Twenty-four  ionospheric  wind  profiles  have  been  obtained  from  l6-inch  gun  firings  and 
15  stratospheric  profiles  from  the  5-inch  firings.  Telemetry  performance  and  ground 
recovery  capability  have  been  demonstrated. 


this  angle  can  be  represented  by  two  rotations  of  radius  vector,  i.e.,  a 

rotation  at  constant  elevation  angle  and  a  rotation  changing  elevation 

angle.  The  angular  magnitude  of  these  rotations  is  defined  to  be  Jr  and 

Jy  respectively.  These  angles  are  simply  the  length  of  arc  along  the 

circles  of  latitude  and  longitude  passing  through  the  endpoints  of  u 
-*■  8 

and  u.  . 
x> 

Jr  4  (At  -  Ag)  cos  Eg  ±  (At  -  Ag)  cos  Et  (A3) 
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Since  cos  E  -  cos  85°  *  .09 
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JH  *  (.09)  (At  -  Ag). 
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